Introduction
In dentistry adhesively luted inlay, onlay, laminate restorations are generally fabricated using feldspathic-or leucite-based glassy-matrix dental ceramics owing to their high aesthetic properties. Glass-based ceramics present fracture toughness of approximately 2 MPa m 1/2 and flexural strength of 180 MPa, whereas alumina-and/or zirconia-reinforced high-strength ceramics exhibit fracture toughness of 6 MPa m 1/2 and flexural strength of about 700 MPa [1] .
Therefore, glass-based ceramics are known to be susceptible to fractures. Previous clinical studies on glass-ceramic inlays, laminates [2, 3] and posterior fixed-partial-dentures (FPD) made of reinforced ceramics veneered with glass-ceramics, reported chippings of the veneering ceramics [4, 5] . Since such ceramics are cemented adhesively, their removal for indirect repairs without creating any damage either to the tooth tissues or to the restoration itself is difficult.
Therefore depending on the size of the fracture in the veneering material, intraoral repair methods using resin composites and adhesive techniques may be indicated [6, 7] . Clinical applications of all kinds of adhesive methods for ceramics require conditioning of the ceramic surface in order to optimize the adhesion of the repair resin to the substrate [7] . Glass ceramic surface conditioning may be best performed with hydrofluoric (HF) acid etching and silanization [6] . While HF selectively dissolves the glass matrix creating micromechanical retention, silanization serves for the chemical adhesion between the organic and inorganic substances with which durable adhesion could be obtained [6] . Silane is a dual functional monomer consisting of a silanol group that reacts with the ceramic surface, and contains a methacrylate group that co-polymerizes with the resin matrix of the composite. Silane coupling agents are known to enhance the wettability of glass substrates by resin composites and at the same time increase physical, mechanical and chemical bonding of resin composite to ceramic. Their decreased hydrolytic stability at the bonded interface has been previously reported [8] .
During the last two decades, other conditioning methods for repair systems have been introduced. One such system relies on particle deposition method using chairside airborne particle abrasion and subsequent silanization (CoJet system) [9, 10] . In this technique, first alumina particles coated with silica are deposited on the substrate surface and then a prehydrolyzed, 3-methacryloxypropyl trimethoxysilane coupling agent (γ-MPS), is applied on the surface that makes covalent bonds between the alumina and silica particles and the adhesive.
This method seems to deliver favorable adhesion between resins and reinforced ceramics [6, 11] . However, the additional cost of the air abrasion device to the dental armamentarium and the unpleasant working conditions with the sand particles are the restrictions of the system. One other repair system, Clearfil Repair Kit, is founded on application of freshly mixed γ-MPS silanes and adhesives based on 10-methacryloyloxydecyl dihydrogen phosphate (MDP)
monomer. This system does not require any additional armamentarium costs except the kit itself. In addition, elimination of the use of hazardous HF gel can be considered as an advantage. Such repair kits are not widely investigated on reinforced ceramics or at least their hydrolytic stability is unknown [12, 13] . It can be anticipated however that the prehydrolyzed silane systems could present more hydrolytical degradation [8, 14] .
Feldspathic ceramics could be reinforced with addition of alumina to their composition.
However, as this type of ceramic presents a medium content of alumina (50%) and alumina cannot be etched, it is not known whether the use of silanes and adhesives alone would be sufficient for high repair strength as opposed to the application of physicochemical surface conditioning methods. Therefore, this study compared the durability of repair bond strength of a resin composite to alumina-reinforced feldspathic ceramic in dry and aged conditions using the microtensile bond strength test after three repair strategies based on different surface conditioning methods. The tested null hypothesis was that the repair method utilizing prehydrolyzed silanes would lead to lower results after aging conditions.
Material and methods

Ceramic blocks
The brand names, codes, manufacturers, chemical compositions and batch numbers of the materials used in this study are listed in Table 1 were randomly divided into three groups depending on the repair method to be employed (n block =10 per group).
Repair methods
PR:
9.5% HF gel (Porcelain Etchant) was applied for 60 s to the ceramic surface, rinsed with copious amounts of water for 10 s and dried for 5 s. Two coats of silane coupling agent (Porcelain Primer)
were applied to the treated surface, allowed to react for 30 s and air dried for 5 s to evaporate the solvent. Then the adhesive (One-Step) was applied, air thinned and photo-polymerized for 10 s. resin (Visio TM -Bond) specific to CJ system was applied using a microbrush, air thinned and photopolymerized for 20 s.
CR:
The ceramic surfaces were roughened with conventional fine diamond inlay burs (model number 011, Cerinlay; Intensiv, Grancia, Switzerland) using a high-speed handpiece (KaVo K9, handpiece type 950; KaVo, Biberach, Germany) for 4 s utilizing water spray. A new set of burs was used after every 5 preparations. Forty percent H 3 PO 4 (K-Etchant Gel) was applied to the surface for 40 s, rinsed and dried thoroughly. Then Clearfil SE Bond Primer and Clearfil Porcelain Bond Activator were mixed 1:1 and applied on the ceramic surface for 5 s and air thinned.
Hybrid composite (W3D-Master, Wilcos, Petropolis, Brazil) was packed with a hand instrument using a silicone mold on the conditioned ceramic surfaces and photo-polymerized incrementally in 3 layers of not more than 2 mm. Each layer was photo-polymerized with a halogen photopolymerization unit (XL 3000, 3M/ESPE, St. Paul, USA) for 40 s. Light intensity was assured to be higher than 400 mW/cm 2 , verified by a radiometer after every 5 specimens (Demetron LC, Kerr).
Bonding procedures was carried out by the same operator throughout the experiments. After polymerization, ceramic block-resin composite assembly was removed from the mold and the adhesive interface was submitted to photo-polymerization once again from the five aspects of the block (upper and lateral) for 40 s per side. The specimens were stored in distilled water for 24 h at 37°C in dark until beam production.
Production of beam specimens
Ceramic-resin blocks were sectioned with a diamond saw in a precision cutting machine at lowspeed, under water cooling (Labcut 1010; Extec Corp., Enfield, CT, USA) ( Fig.1) . Initially, the cemented blocks were glued with cyanoacrylate adhesive (Super Bonder Gel, Loctite Ltd., São Paulo, Brazil) on a metallic base that was attached to the sectioning machine. The blocks were positioned as perpendicular as possible in relation to the diamond disc of the machine. The peripheral slices, measuring approximately 0.5 mm, were discarded in case the results could be influenced by either the excess or insufficient amount of resin at the margins. Thus only the central specimens were used for the experiments. Non-trimmed rectangular beams (n=10) with an adhesive area of 1±0.1 mm 2 and a length of about 10 mm were achieved from each block. The obtained beam specimens were then randomly divided into two storage conditions:
Dry condition (Dry):
In this group, the specimens were subjected to microtensile test immediately after sectioning.
Aging condition (TC):
The specimens were stored in distilled water at 37ºC for 150 d and then submitted to thermal cycling (x12.000, 5°C-55°C, dwelling time: 30 s, transfer time from one bath to the other: 10 s) (Nova Etica, São Paulo, Brazil).
Thus, considering the "surface conditioning" (3 levels) and "storage condition" (2 levels) factors, 6
testing groups were obtained, yielding to 100 beam specimens in each group (n=100).
Microtensile bond strength test (μTBS)
Before testing, the adhesive area of each beam was measured using a digital caliper (Mitutoyo, Tokyo, Japan). Each specimen was bonded with cyanoacrylate adhesive to a custom-made device perpendicular to the force applied in order to avoid torque forces at the interface. Only the ends of the specimens were bonded. The device/specimen set was adapted to the Universal Testing Machine 
Failure type analysis
After microtensile test, all specimens were analyzed using an optical microscopy (MP 320, Carl Zeiss, Jena, Germany) at 50x magnification for failure analysis. Some specimens were further selected for Scanning Electron Microscopy (SEM) at 65x magnification. Failure types were categorized as adhesive between ceramic and resin composite (ADHES); cohesive failure of the resin only (COHESres); cohesive failure of the ceramic only (COHES-cer); cohesive failure of the composite accompanied with adhesive failure at the interface (MIX).
Statistical analysis
The means of each group were analyzed using two-way analysis of variance (ANOVA), with microtensile bond strength as the dependent variable and the repair and aging conditions as the independent factors (Statistix 8.0 for Windows, Analytical Software Inc, Tallahassee, FL, USA). P values less than 0.05 are considered to be statistically significant in all tests. Multiple comparisons were made by Tukey's adjustment test.
Results
Microtensile bond strength test (μTBS)
μTBS results were significantly affected by the repair method (p=0.0001) and the aging conditions (p=0.0001) (2-way ANOVA, Tukey's test). The interaction terms was also statistically significant (p=0.0001).
In dry conditions, PR method showed significantly higher (p<0.01) repair bond strength (19.8±3.8
MPa) than those of CJ and CR (12.4±4.7 and 9.9±2.9, respectively) ( Table 2 ).
After long-term water storage and thermocycling, CJ revealed significantly higher results (14.5±3.1
MPa) than those of PR (12.1±2.6 MPa) (p<0.01) and CR (4.2±2.1 MPa) (p<0.001).
Failure type analysis
Optical microscopy analysis demonstrated mainly MIX failures in dry conditions, after all repair methods (76%, 80%, 65% for PR, CJ and CR, respectively). After aging conditions on the other hand, specimens treated with PR and CJ presented predominantly MIX failure type (52% and 87%, respectively). In the CR group, mainly ADHES failures were observed (70%) ( Table 3) . Micrographs representing the MIX failure types from each group are presented in Figs. 2a-c.
Discussion
With the increasing number of all-ceramic systems introduced to the dental profession, the application of such materials is rapidly replacing the conventional porcelain-fused-to-metal FPDs. However, the failures related to chipping or fractures are also being stated in almost all clinical reports although such ceramics are reinforced ceramics [4, 5] . The history of reinforced ceramics is not long but the incidence of such chippings should not be underestimated for the clinical prognosis of these materials [5] . Until more durable ceramics are developed, direct repair option may be practical for both the clinicians and the patients as an interim solution. Since there are different repair systems available in the dental market that are based on various conditioning strategies, it is difficult for the clinicians to choose the best that would deliver reliable results. In this study, three repair systems based on different conditioning concepts were selected. Adhesion principles today usually rely on the combination of physical and chemical bonding. The very first step of all three repair systems tested involved mechanical surface preparation followed by the application of the chemical component.
While PR method was based on HF gel application to dissolve the glassy matrix and create micromechanical retention, the other two systems used air abrasion (CJ) or diamond roughening (CR). When results are evaluated from dry conditions, where no aging was performed, HF etching performed superior than those of air-abrasion and diamond roughening. Usually in dry conditions, bond strength is dictated by the micromechanical retention. Although no attempt was made measuring the surface roughness of the substrates after these roughening methods, it can be anticipated that HF gel served for better interlocking of the adherents as opposed to the other systems. Conversely, the durability of the chemical adhesion becomes more dominant after aging conditions. The results after long term water storage and thermocycling showed slight difference between PR and CJ methods yet being significant indicating that the use of prehydrolyzed MPS silanes and adhesive systems were more favorable for CJ. The decrease in bond strength for PR from dry to aged conditions could be explained on the grounds that the water uptake between the interlocking areas was higher than for CJ. It has been previously reported that moderate roughening of the substrate surface is more desirable over more aggressive methods for durable adhesion at the interfaces [7] . On the other hand, CR repair method performed the worst in both dry and aged conditions. This repair kit requires surface preparation with diamond burs which was performed using fine diamond burs followed by 40% H 3 PO 4 application. Since the results were also lower than those of the other two methods, it can be said that this surface roughening was not as effective as other methods. In this repair system, the adhesive consists of MDP phosphate monomers. In fact, in previous studies, high and durable adhesion of MDP based resin cements to glass-infiltrated aluminazirconia, Y-TZP ceramics and densely sintered alumina ceramics have been reported [11, 16] .
However the outcome of the present study did not confirm these findings. The high incidence of the adhesive failures experienced in this group also indicates inferior adhesion leading to rejection of the hypothesis. Therefore, the findings with the adhesive cementation using MDP monomers could not be generalized for repair of reinforced ceramics.
From the clinical point of view, PR and CR methods do not require the purchase of additional armamentarium, namely the air-abrasion device. Hence these methods could be considered costeffective and practical but the obtained results were not favorable implying that physicochemical conditioning through silicatization still seems to be necessary.
In clinical situations, all-ceramic FPD chippings or fractures also involve the surrounding veneering ceramic surfaces that could be separately conditioned by HF gel and silane. Future studies are needed to find out whether the adhesion obtained from the veneering ceramic exceeds that of the reinforced core ceramic or contributes to improved adhesion. In general, the incidence of the adhesive failures increased in all groups after aging conditions. This clearly shows that repair actions may suffer from decreased adhesion quality in the long run. Consequently, aging conditions are mandatory to evaluate the adhesive performance of the bonded joints. In-vitro studies without practicing such conditions have a limited value [12, 13] . Although decreased bond strength was evident for PR and CR after aging conditions, this was not the case for CJ method and even increased results were obtained after thermocycling. This increase could be attributed to further polymerization of the diacrylates in the bonding agent that was specific to the CJ system (Visio TMBond) in the thermocycle chamber at 55°C. Similar observations were made earlier with diacrylate based resins when composite-composite bonding was tested after thermocycling [16] . On the other hand, the incidence of cohesive failures in the resin was not observed in the CJ-TC group, indicating some kind of decrease in the bond quality after aging conditions.
Clinical studies reported that chipping failures were only refinished and repolished [4, 5] . Longterm clinical performance of the repair methods associated with all-ceramic chippings is not known to date but the bond strength of composite to etched enamel is known to be in the order of 15 to 30 MPa Although no predictions could be made at this time on the clinical longevity of the studied three repair methods, CR method seems to deliver the least favorable results. After chipping or fracture, especially when the core ceramic is exposed, physico-chemical activation of this ceramic surface using CJ could be currently recommended based on the non-significant repair bond strength results before and after aging together with less incidence of adhesive failures among all groups.
Conclusions
From this study, the following could be concluded:
1. Long-term water storage and thermal aging (x12.000) decreased the repair bond strength when PR and CR repair methods were used but it did not affect the results obtained from the CJ system.
2.
The incidence of adhesive failures was higher in all groups after aging conditions with the CR method having the highest. Tables   Table 1. The brand names, codes, manufacturers, chemical compositions, and batch numbers of the materials used in this study. See Table 1 for group abbreviations. Table 1 for group abbreviations. CJ and c) CR (original magnification x65). RC=Resin composite; C=Ceramic. See Table 1 for group abbreviations.
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